[Chromatin architectural protein CTCF regulates gene expression of the UGT1 cluster].
UDP-glucuronosyltransferases (UGTs) are an important family of phase 2 drug-metabolizing enzymes that catalyze the glucuronidation of numerous endogenous or exogenous small compounds. The aberrant expression of UGT isoforms causes many diseases, such as hyperbilirubinemia and affect drug efficacy or toxicity. Understanding mechanisms of UGT gene regulation will provide scientific foundations for disease prevention and personalized or precision medicine. Vertebrate UGT family genes can be divided into UGT1 and UGT2 subfamilies. Similar to the protocadherin, immunoglobulin, and T-cell receptor gene clusters and different from the UGT2 gene cluster, the UGT1 gene cluster is organized into variable and constant regions. The UGT1 variable region contains a tandem array of variable exons, each of which can be alternatively spliced to a single set of 4 downstream constant exons, generating at least nine UGT1 mRNAs that could be translated into different UGT1 glucuronyltransferase isoforms. Our previous work reveals that the relative orientations and locations of CTCF binding sites play a key role in the three-dimensional organization of the mammalian genomes in cell nuclei. Thus in order to study the transcriptional mechanisms of UGT1 gene cluster, the distributions and orientations of CTCF binding sites (CBSs) are analyzed and compared between human and mouse UGT1 gene clusters. We find that the CBSs in the UGT1 gene cluster are not conserved between human and mouse species. We show that CTCF and cohesin regulate the transcription of the UGT1 gene cluster by knocking down the CTCF or the cohesin subunit SMC3 in the human A549 cell line. By using CRISPR DNA-fragment editing, we deleted and inverted hCBS1. By RNA-seq experiments, we find that hCBS1 deletion results in a significant decrease of levels of the UGT1A6, UGT1A7, and UGT1A9 gene expression and that hCBS1 inversion results in a significant decrease of levels of the UGT1A7 gene expression. Our data suggest that the CTCF binding site hCBS1 plays an important regulatory role in the regulation of UGT1 gene expression, providing an experimental basis for further mechanistic studies of the 3D genome regulation of the UGT1 gene cluster.